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[57] ABSTRACT 

A steering device, such as for use in a guidewire for 
percutaneous transluminal insertion into the coronary 
vascular system is provided. The guidewire comprises 
an elongate flexible housing having proximal and distal 
ends and at least one lumen extending through the 
length of the housing. The guidewire has a steering 
element secured within the lumen and adapted to dis- 
place the distal end of the housing in a lateral direction. 
At least one deflection wire extends through the flexible 
housing extending from a distal point of attachment to 
the proximal end. Axial movement of the deflection 
wire displaces a distal steering region of the housing in 
a lateral direction. 

30 Claims, 9 Drawing Sheets 
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typically lags behind rotation of the proximal, control 

STEERABLE MEDICAL DEVICE end, so that precise rotational control is not possible. 

Also, friction in the arteries can cause the distal end to 

BACKGROUND OF THE INVENTION rotate in a jerky fashion which can traumatize the vas- 

This is a division of Ser. No. 865,357 filed Apr. 8, 5 cular intima. 

1992 now U.S. Pat No. 5,203,772 which is a Continua- ^ another application, Transluminal Laser Catheter 

tkm-In-Part of application Ser. No. 583,819, filed Sep. Angioplasty (laser angioplasty) , the delivery of laser 

17, 1990, now U.S. Pat. No. 5,108,368 inventors Julius energy from an external source to an intraluminal site to 

G. Hammerslag and Gary R. Hammerslag, entitled remove plaque or thrombus obstructions in vessels is 

"Steerable Medical Device"; which is a Continuation- 10 accomplished by providing a waveguide such as a fiber 

In-Part of application Ser. No. 461,049, filed Jan. 4, optic bundle within a catheter. The nature of laser angi- 

1990, now U.S. Pat. No. 4,998,916; which is a Continua- oplasty requires an even greater ability to precisely 

tion-In-Part of application Ser. No. 295,124, filed Jan. 9, manipulate the catheter, to control and aim the laser 

1989, now U.S. Pat. No. 4,921,482. light at the specific plaques or thrombi to be removed. 

The present invention relates to steering devices such ^ A variety of attempts have been made in the past to 

as may be used with catheters, cannulae, guidewires and provide catheters which are steerable from the proximal 

the like. More particularly, the present invention relates end to enable the catheter to be aimed or advanced 

to catheters and guidewires that are steerable through through non-linear body cavities. For example, U.S. 

body lumen or cavities and positionable within or aima- p a t. No. 4,723,936 to Buchbinder, et al. discloses a bal- 

ble at obstructions, organs or tissue within the body 20 i 00 n catheter, which is said to be steerable from the 

from a position external to the body. proximal end. The catheter is provided with a deflec- 

Medical catheters generally comprise elongate tube- ti on wire gomg ai ong tne entire length of the catheter, 

like members which may be inserted into the body, which may oe axially displaced to cause deflection, 

either percutaneously or via a body orifice, for any of a However, the tip of the catheter can be bent in one 

wide variety of diagnostic and therapeutic purposes. 25 dircction onl md tne entire must ^ roUted 

Such medical apphcations frequently require use of a or t0 d t0 be ided A further disadvantage of ^ 

catheter having the ability to negotiate twists and turns, device is the inabilj tQ effectively ^ ghXen ^ cathe- 

particularly with regard to certain cardiovascular appli- ^ Qnce k hafi been bent Any ^ ^ Buchbindcr 

"<!me'such application, "Percutaneous Transluminal 30 <f heter ***** U P 0 » the ^al compression of the 
coronary Angioplasty" (balloon angioplasty), requires st "™* w f e thc ' cm ' * n ad *' 10n '. desl S n ^ Ires a 
manipulation of a catheter from a position outside the relatively large diameter deflection wire, which pre- 
patient's body through extended portions of the pa- cludcs ^emely thin diameter catheters, such as those 
tienfs arterial system to the stenotic site for the purpose Purred for use for laser or balloon angioplasty apph- 
of alleviating the obstruction by inflating a balloon. This 35 ca V T °" s " „ L ... 
particular procedure has been performed with increas- U S ' Pat * No. 3,470,876 to Barchilon discloses a cath- 
ing frequency over the past years in preference to open e * er device havm S a cei ? tral lumen « tendin 8 there * 
heart bypass surgery, when possible. through, and four tensioning cords extending along an 
In a typical angioplasty procedure, a guidewire is inner wa " of ^ catheter. The *876 patent specifically 
transluminal^ inserted into the brachial or the femoral 40 recites that catheters may be produced in accordance 
artery, to be positioned within the stenotic region and Wlth the Barchilon design having diameters of 0.125 to 
followed by a balloon catheter. The cardiologist usually 2 inches, and are suited for applications such as within 
prebends the distal tip of the guidewire before insertion *e duodenal bulb or ascending colon. These diameters 
and then rotates (or torques) the wire once it has m unsuited for use as a guidewire in coronary angio- 
reached a branch artery to enable the guidewire to enter 45 P last y> which typically requires diameters in the area of 
the branch. If the angle of the bend has to be adjusted, sma11 " from ab ° ut ° to 0.018 inches, 
the guidewire must be removed, re-bent and reinserted, In *e context of coronary angioplasty applications, 
sometimes several times. Particular difficulty is encoun- the prior art generally suffers from disadvantages such 
tered with prebending where an artery branches at one "as limited steerability and excessive external diameters, 
angle, and then sub-branches at a different angle. This 50 Limited catheter tip steerability results in greater time 
procedure is attended by the risk of significant trauma spent in the body and significantly elevated risk of 
to the arterial lining, and, in many cases, the obstruction trauma both to the vascular intima and to the patient in 
cannot be reached at all with the guidewire and cathe- general. Multiple insertions of guidewires or catheters 
ter. may lead to thrombosis, as a result of coagulation corn- 
Coronary arteries are tortuous, have many sub-bran- 55 mencing along a guidewire surface. Additionally, pre- 
ches and often the obstruction is either located where cise directional control in laser angioplasty is of the 
the diameter of the artery is small or, by its very pres- utmost importance to assure accurate aiming of the laser 
ence, the obstruction leaves only a very small opening beam to ablate the attendant plaque. However, the only 
through which a guidewire and/or catheter can be prior art catheters having multi-directional steerability 
passed. Consequently, the cardiologist often finds it 60 are typically greatly in excess of practical angioplasty 
very difficult to maneuver the guidewire or catheter, catheter diameters. 

which are typically several feet long, from the proximal In addition to limited steerability, the prior art guide- 
end, wires, such as those disclosed by Buchbinder and in 
Steering the prebent guidewire is further complicated U.S. Pat. No. 4,719,924 to Crittenden, rely upon the 
by the fact that branches project at all different radial 65 spring tension of the guidewire coil (and the resilience 
angles, thus necessitating rotation of the guidewire to of the distal end of the deflection wire, in the case of 
the appropriate degree to enter the desired arterial Buchbinder) to return the guidewire to the straight, 
branch. However, rotation of the distal end of the wire unbent position. However, as important as deflecting 
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the wire to enter a branch artery is straightening the 
wire after the branch is negotiated. Any ability to 
straighten in the prior art devices described above re- 
sults from the spring tension or other structure in the 
distal end of the wire, which structures also compro- 5 
mise the desired floppiness of the guidewire tip. 

Thus, there remains a need for a small diameter steer- 
ing device, which may be readily adapted for use in the 
construction of either guidewires or catheters, and 
which is especially suited for procedures such as bal- 10 
loon or laser angioplasty. Preferably, the steering de- 
vice is constructed in a manner which permits a diame- 
ter as small as that of existing dilatation catheters or 
guidewires used in angioplasty applications. The steer- 
ing device additionally permits controlled lateral de- IS 
flection of the distal tip. 

SUMMARY OF THE INVENTION 

There is provided in accordance with one aspect of 
the present invention a steerable device for insertion 20 
into a body cavity and controlled negotiation of 
branches and turns therein. The steerable device com- 
prises an elongate flexible housing having a proximal 
end and a distal end and at least one lumen extending 
axially therethrough. A steering element is secured 25 
within the lumen and adapted to displace the distal end 
of the housing in a lateral direction. 

At least one deflection wire is axially movably dis- 
posed within the lumen of the flexible housing, and 
extends from a distal point of attachment with respect to 30 
the steering element, throughout the length of the flexi- 
ble housing to the proximal end thereof. Axial move- 
ment of the deflection wire in a proximal direction co- 
operates with the relatively fixed functional length of 
the steering element to produce a lateral force, thereby 35 
displacing the axis of a portion of the housing in a lateral 
direction. 

Preferably, the proximal end of the functional region 
of the steering element is secured within the lumen to 
substantially prevent axial motion with respect to the 40 
tubular body. In one embodiment, the steering element 
is secured within the lumen by soldering. 

Preferably, the steerable device further comprises a 
wire guide for axially slidably receiving the deflection 
wire, proximal to the point of attachment between the 45 
deflection wire and the steering element. A wire guide 
can conveniently be secured to both the interior wall of 
the elongate tubular body, and to the proximal end of 
the steering element. 

In a preferred embodiment, the steerable device fur- 50 
ther comprises a means for transmitting rotational 
torque between the flexible housing and the deflcct'on 
wire. The preferred torque transmitting means for use 
herein comprises complementary surface structures on 
the deflection wire and the interior of the tubular body, 55 
which permit axial reciprocal motion of the deflection 
wire within the tubular body, but substantially prevent 
rotation of the deflection wire with respect to the tubu- 
lar body. 

In accordance with a further aspect of the present 60 
invention, there is provided a steerable implement com- 
prising an elongate flexible housing having proximal 
and distal ends and a central lumen extending therebe- 
tween. A steering region on the distal end of the hous- 
ing is flexible in a lateral direction. An axially extending 65 
steering element is secured within the steering region of 
the housing and adapted to displace the steering region 
of the housing in the lateral direction. 



At least one deflection wire is provided, having prox- 
imal and distal ends and extending along the housing. A 
distal portion of the wire is secured with respect to the 
steering element. A control is further provided at the 
proximal end of the housing for engaging the proximal 
end of the deflection wire to enable the deflection wire 
to be displaced axially in relation to the housing. The 
axis of at least a portion of the steering element is dis- 
placed laterally in response to axial displacement of the 
deflection wire, thereby causing the distal end of the 
housing to bend out of the line of the housing longitudi- 
nal axis. 

Preferably, the steering element is secured with re- 
spect to the housing at a point within about 2 cm of the 
distal end of the housing to form a fulcrum. The elon- 
gate flexible housing is relatively axially noncompressa- 
ble on the proximal side of the fulcrum. The axially 
noncompressable portion of the housing preferably 
comprises solid wall tubing and/or spring coil. 

In a spring coil embodiment, the spring coil extends 
distally past the fulcrum and beyond the distal end of 
the steering element. The portion of the spring coil 
disposed distally of the fulcrum is loosely wound, so 
that adjacent windings of spring coil are not normally in 
contact with one another. 

Preferably, the fulcrum comprises a tubular wire 
guide which is secured both to the interior of the elon- 
gate flexible housing, and to the steering element. Pref- 
erably, at least one torque transmitter is provided for 
transmitting rotation between the deflection wire and 
the tubular housing. 

In accordance with a further aspect of the present 
invention, there is provided a torque transmitter for 
transmitting rotational torque between an elongate tu- 
bular guidewire or catheter housing and a core wire 
extending axially therethrough, said core wire of the 
type adapted for axial reciprocal movement with re- 
spect to the housing. The torque transmitter comprises 
a first torque transmitting surface on the core wire and 
a complementary second torque transmitting surface on 
the housing, so that engagement of the first and second 
transmitting surfaces transmits rotational movement 
between the core wire and the housing. 

Preferably, the first torque transmitting surface on 
the core wire comprises a generally planer surface lying 
on an axis which is generally parallel to the -longitudi- 
nal axis of the core wire. 

The second torque transmitting surface preferably 
comprises a region of reduced interior cross-sectional 
area of the lumen extending through the elongate tubu- 
lar housing. 

In an alternate embodiment of the torque transmitter 
in accordance with the present invention, the core wire 
is provided with a length of relatively flattened ribbon 
like torque transmission region. The torque transmission 
ribbon area extends through the lumen in a torque trans- 
mitter tube secured to the interior wall of the elongate 
housing. The lumen of the torque transmitter tube is 
provided with a noncircular interior cross-sectional 
configuration, such as oval or other flattened configura- 
tion to substantially prevent rotation of the ribbon 
within the torque transmitter tube. 

In accordance with a further aspect of the present 
invention, there is provided a steerable device for per- 
cutaneous transluminal insertion into the coronary or 
peripheral vascular systems, and controlled negotiation 
of branches and turns therein. The device comprises an 
elongate support structure having a proximal and a 
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distal end fpr transmitting axial force from the proximal FIGS. 16, 17 and 18 show an enlarged view of the 

end of the support structure to the distal end thereof. guidewire illustrated in FIG. 15. 

Transmission of axial force is accomplished principally FIG. 19 is a side-elevational view of the region 

by the non axially collapsible properties of the elongate marked 19 in FIG. 14. 

support structure. 5 FIG. 20 is an elevational cross-sectional view 

A steering element extends distally from the distal through the lines 20—20 in FIG. 19. 

end of the support structure, thereby providing a ful- FIG- 21 is an elevational cross-sectional view taken 

crum at the intersection of the support structure and the ^ong toe Ems 21—21 in FIG. 15. 

steering element. A core wire extends generally parallel FIG- 22 illustrates a helical channel in the distal end 

to the support structure and is secured to the steering 10 of a hypotube segment, adapted to receive a spring coil, 

element at a point of attachment which is distal f rom FIG. 23 illustrates one embodiment of a central core 

the fulcrum. Axial movement of the core wire in a prox- ^ or deflection wire in accordance with one aspect 

imal direction relative to the support structure causes a of ^ P* es e n * mvention. 

lateral deflection of the steering element. DETAILED DESCRIPTION OF PREFERRED 

Preferably, the tubular body extends distally beyond 13 EMBODIMENTS 

the fulcrum to surround the steering element. Prefera- ^ „ . w ^ m . . . . 

bly, the fulcrum is disposed within about 10 mm from fl R ^ emn g t0 ™- \ there K 

the distal end of the steerable device, and, more prefera- fle * ble ^dement 10, having a tubular body 11 with a 

bly, the fulcrum is disposed within about 6 mm from the „ n P roxmial ™\ U a dlsta V cnd ]*: ^ * sta l cn * " 

distal end of the steerable device. 20 ?™P™f ««»ng region 16, and the proximal end 12 

Further features and advantages of the present inven- W1 * a ' ontro! 18 /° r implement 
.„ . . - ° . A ., j C . . . c 10, which may be, for example, a steerable guidewire or 

tion will be apparent from the detailed description of A1 7 \ * . ^ ? t . ^ MOryt 

ered together with the attached dr a wines and claims. „ > i \ • , . . x , J 

W ** MW;1 wmi fc 25 rated into an angioplasty guidewire, it is to be under- 

BRIEF DESCRIPTION OF THE DRAWINGS stood that one skilled in the art will be able to readily 

M . . . A . , ^ - adapt the steering device to other medical and non- 

FIG. 1 is a partial sectional perspective view of a licati * nSt 

steerable guidewire according to the present mvention, ^ ^ u of steeraWe . lemem 10 ^ 

wtUi the outer tubular casing removed. M desifed , ^ ffom mches tQ man feet de ^ ndi 

FIG 2 is an elevational sectional view of the guide- ^ mtfinded a !ication . an embodiment useful as an 

wire of FIG. 1, illustrated in a first deflected position. angioplasty gu i d ewire or catheter, the body 11 will 

FIG. 3 is an elevational sectional view of the guide- typically be several feet ]ongf and ^ preferably be 

wire of FIG. 1, illustrated tn a second deflected posi- about 135 _ 180 cm> ^ is typical of existing angioplasty 

tt0IL 35 catheters and guide wires respectively. However, any 

FIG. 4 is a partial sectional perspective view of a suitable ]ength may ^ uscd Typically, the proximal 

steerable laser angioplasty catheter according to the most 120 to 150 cm of the body 11 is hypotube, as is well 

present invention. known in the art, and the distal 30 cm comprises a metal 

FIG. 5 is a further embodiment of the steerable guide- 

wire of the present invention. ^ The body 11 may be constructed in any of a variety of 

FIG. 6 is a schematic view of the guidewire of FIG. ways taovm - m the art( sucn as by tightly winding a coil 

1, illustrated as negotiating an arterial branch point and of meta i wirCi or extrusion of a relatively flexible bi- 

approaching an arterial stenosis. ocompatible polymer such as polyethylene. Wound 

FIG. 7 is an elevational perspective view of a further guidewires preferably comprise a high tensile strength 

embodiment of a steering device according to the pres- 45 w i re 0 f a resilient, non-corrosive metal such as stainless 

ent invention. s t cc ] or platinum, and may have a circular cross section 

FIG, 8 is an elevational perspective view of still a with a diameter of from about 0.001 to 0.020 in. The 

further embodiment of the present invention. w j re may alternatively have a rectangular cross section 

FIG. 9 is a cross-sectional view along the line 9—9 of 0 f from about 0.00 1 to 0.020 inches by from about 0.001 

the device of FIG. 8. 50 to 0.040 inches, or other variations known in the art. 

FIG. 10 is a simplified front elevational view of the Construction materials and techniques for manufactur- 

device shown in FIG. 8, following application of an mg wire wound guidewires are well known in the art, 

anchor cap. and a typical 180 cm teflon coated 0.014 inch or 0.016 

FIG. 11 is a simplified front elevational view of the j nc h diameter non-steerable guidewire may be obtained 

device shown in FIG. 7 t following application of an 55 from U.S. Catheter, Inc., a division off'. R. Bard, Inc., 

anchor cap. located in Billerica, Mass., U.S.A. 

FIG. 12 is a partial sectional perspective view of a The external diameter of wire wound guidewires will 

"ribbon" steering device according to the present in- of course be a function of the intended application. The 

vention, with the outer tubular casing removed. wire wound coronary angioplasty guidewires incorpo- 

FIG. 13 is an elevational perspective view of a an- 60 rating the steering device of the present invention are 

other embodiment of a "ribbon" steering device accord- preferably wound to have an external diameter in the 

ing to the present invention. range of from about 0.014 inches to about 0.018 inches. 

FIG. 14 is a side-elevational view of a guidewire In steerable catheter applications, the diameter of the 
incorporating a single deflection wire embodiment of catheter can be varied to optimize the diameter of a 

the steering device in accordance with the present in- 65 central working channel as desired, while still maintain- 

vention. ing a sufficiently small exterior diameter for the in- 

FIG. 15 is an enlargement of a distal portion of the tended application. Steerable balloon angioplasty cathe- 

guidewire illustrated in FIG. 14. ters incorporating the present invention will typically 
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have an exterior diameter in the range of from about 
0.020 inches to about 0.041 inches or larger as permitted 
by location of the lesion. 

Preferably, the exterior surface of the wound coil 
type guidewire shaft 10 is provided with an elastic, 
biocompatible coating or sheath to provide a smooth 
outer surface. Suitable coatings can be formed by dip- 
ping, spraying or wrapping and heat curing operations 
as are known in the art. Alternatively, heat shrinkable 
tubing can provide a suitable outer sheath. A coating 
material should be selected which will permit sufficient 
flexing of the body 11 without cracking, will minimize 
sliding friction of the implement 10 during insertion and 
removal, and is substantially chemically inert in the in 
vivo vascular environment. A variety of suitable mate- 
rials are known, including, for example, polytetrafluo- 
roethylene, urethane or polyethylene. 

The body 11 of flexible implement 10 typically termi- 
nates at its distal end 14 in a closed tip 20. Numerous 
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as when at rest. See FIG. 1. As will be described, the 
steering post 22 is secured in the steering region 16 in a 
manner that substantially prevents axial displacement 
thereof yet permits lateral deflection of the axis of the 
steering post 22 away from the axis of body 11. 

Post 22 preferably comprises a resilient shaft which 
may be molded or extruded from any of a variety of 
materials, such as nylon, and may have a cross-sectional 
dimension of from about 0.002 inches up to about 0.012 
inches for use in a typical steerable angioplasty guide- 
wire embodiment. Alternatively, a variety of resilient or 
springy metals in the form of wire can also be used to 
form post 22, such as phosphor bronze, spring steel, 
Nitinol, or other resilient metal. In general, it is desir- 
able to select a material which will permit some degree 
of bending and return to its original shape, and will 
resist axial compression under the forces typically ap- 
plied in the intended use of the steerable implement 10. 
The length of steering post 22 will, of course, be 



10 



15 



guidewire and catheter tip constructions are known in 20 dependant upon the length of the steering region 16. In 



the art and need not be detailed extensively herein 
Typically, the tip 20 is formed by a rounded braze or 
solder joint, which may also serve to secure the distal 
ends of the deflection wires. As a safety feature, to 
facilitate complete removal of fragments of a broken 25 
guidewire, the deflection wires can extend distally be- 
yond their point of attachment to the ribbon or post, to 
function as a safety wire, or a separate safety wire may 
be secured at one end to the inside of the tip 20, and at 
the other end to the post 22 or support 24. Altema- 30 
tively, the tip 20 is constructed of a resilient polymeric 
material such as silicone or urethane which will mini- 
mize trauma to the vascular intima, as will be appreci- 
ated by one of skill in the art. 

Disposed intermediate the tip 20 and body 11 of a 35 
flexible implement 10 in accordance with the present 
invention is a floppy but controllable steering region 16. 
Steering region 16 is constructed in a manner that facili- 
tates lateral displacement of the tip 20 relative to the 
axis of the body 11, through physical design and/or 40 
choice of flexible construction materials. 

For example, in a typical angioplasty guidewire or 
catheter, where the flexible body 11 comprises a metal 
wire coil, the revolutions of wire per unit of axial dis- 
tance along the body is reduced in the steering region 16 45 
relative to body 11 to provide a looser wound coil hav- 
ing space 17 between adjacent wire loops, as illustrated 
in FIGS. 1-6. Thus, referring to FIG. 2, it can be seen 
that lateral deflection of steering region 16 to the left 



a typical steerable guidewire for angioplasty applica- 
tions, the entire steering region 16 will be on the order 
of from about 0.040 to about 1.0 inches and preferably 
from about 0.120 to about 0.150 inches long, and the 
steering post 22 may be from one-quarter to two-thirds 
that length. Although steering post 22 may extend dis- 
tally all the way to the distal tip 20 of the steerable 
implement 10, it is preferred to limit the length to the 
proximal one-half or one-third of the axial length of 
steering region 16 to minimize rigidity in the steering 
region 16 yet permit sufficient steerability thereof. 

For example, in a typical angioplasty guidewire the 
distal end 27 of steering post 22 will be spaced apart 
from the interior surface of tip 20 by a distance of from 
about one-tenth to one-half an inch or more, thus per- 
mitting the steering region 16 of the catheter shaft to be 
as floppy as desired. However, in an embodiment where 
the distal portion of a fiber optics bundle or flexible tube 
for defining a working channel additionally functions as 
the steering post 22, the post 22 will extend all the way 
to the distal tip 20 and be exposed to the outside by way 
of an opening therethrough. See, for example, FIG. 4. 

In a preferred embodiment, steering post 22 is further 
provided with a bead or enlarged region 26 to optimize 
transmission of lateral force from the steering post 22 to 
the wall of steering region 16. For this purpose, bead 26 
is most effectively located at or near the distal end of 
steering post 22. Bead 26 may be formed by dipping or 
coating techniques, or may be a preformed member 



may involve both an axial compression of adjacent wire 50 having an opening therein for sliding over the end of 



loops on the inside surface 36 of the bend, and an axial 
separation of the adjacent wire loops on the outside 
surface 38 of the bend. 
Alternative designs or materials can be employed, 



steering post 22. Alternatively, post 22 can be molded 
or milted to provide a bead 26 integrally formed 
thereon. Bead 26 is preferably substantially circular in a 
cross section perpendicular to the axis of post 22, and 



provided that the catheter exhibits sufficient lateral 55 the external diameter of the bead 26 is only slightly less 



flexibility. In general, the steering region 16 may be 
made from a variety of suitable metal or plastic coils or 
flexible sleeves. Materials opaque to X-rays, such as 
platinum, gold, tungsten, tantalum or the like, may be 
advantageously incorporated therein, to act as a fluoro- 
scopic marker to aid in visualization. 

In accordance with the "post" embodiment of the 
steering mechanism of the present invention, a steering 
post 22 is provided, extending in a generally axial direc- 



than the interior diameter of the steer Jig region 16 so 
that maximum lateral motion of the steering post 22 is 
transmitted to the steering region 16, but bead 26 also 
remains only in slidable contact with the interior surface 
60 thereof. 

The proximal end 23 of the steering post 22 is 
mounted to or in pivotable contact with a radial support 
24, in a manner which permits pivoting of the steering 
post 22 throughout a full 360* range of motion about the 



tion within the steering region 16 of flexible body 11. 65 axis of body 11. The post may also be molded or milled 



Preferably, the steering post 22 is disposed coaxial ly 
within the central lumen of steering region 16 when the 
steering region 16 and body 11 are linearly aligned, such 



as an integral part of disk 24. The support 24 comprises 
any means by which the deflection wires 28 are dis- 
placed radially outwardly from the axis of the tubular 
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body 11, such as by the thickness of the post 22 or other 
structure including the plate embodiment illustrated in 
FIGS. 1-3. 

Referring to FIG. 1, the support 24 of the illustrated 
embodiment comprises a circular disk 25 located within S 
the tubular body 11 of the steerable implement 10, pref- 
erably located near the distal end thereof. The disk 25 is 
axially secured within the tubular body 11 to provide a 
stationary radial support for at least one deflection wire 
28, and pivotable mount for steering post 22. Disk 25 10 
may be attached, for example, by friction fit between 
adjacent turns of coiled spring wire. Steering post 22 
preferably is attached to or in contact with the disk 25 
in a manner which permits it to swivel from 90 degrees 
to close to 0 degrees, relative to the lateral plane of disk 15 
25. 

The disk 25 may be made of stainless steel or any of 
a variety of other suitable materials such as other metals 
or plastic polymers which will provide a sufficiently 
axially rigid seat for the proximal end 23 of steering post 20 
22. Disk 25 may be formed by stamping from sheet 
stock and drilling, injection molding, or other tech- 
niques well known in the art. Preferably, a central de- 
pression or orifice is provided thereon, for providing an 
axial seat for steering post 22. The diameter of disk 25 25 
can vary, however, it will typically be no greater than, 
but may approximate the outside diameter of the steer- 
able implement 10. Diameters from about 0.14 to 0.050 
inches may preferably be used in the construction of 
cardiac angioplasty catheters. 30 

Lateral deflection of the steering post 22 away from 
the axis of body 11 is accomplished by proximal axial 
displacement of any of a plurality of deflection wires 28 
extending proximally throughout the length of flexible 
body 11. Although only a single deflection wire 28 or 35 
two deflection wires can be used, preferably three or 
four deflection wires 28 are employed in the "post" 
embodiment to provide a full 360* range of notion of the 
steering region 16 about the axis of the body 11, as will 
become apparent. Only a single deflection wire 28 will 40 
be described in detail herein. 

The distal end of deflection wire 28 is secured such as 
by adhesives (or brazing or soldering, etc.) to the steer- 
ing post 22 at the distal end thereof, or at a variety of 
other locations along the length of post 22. By "at- 45 
tached" or "secured" to the post and similar language 
herein, it is to be understood that the deflection wire 28 
is mechanically linked to the post 22 but need not neces- 
sarily be directly secured thereto. For example, the 
deflection wire 28 could be secured to an annular flange 50 
or ring surrounding the post or other structure which 
may be convenient from a manufacturing standpoint to 
provide a sufficiently secure linkage to accomplish the 
intended steering function. Alternatively, an eye on the 
end of the deflection wire can surround the post 22 and 55 
rest against a stop formed by a milled shoulder or adhe- 
sive, or other means of attachment as will be apparent to 
one of skill in the art. 

In one embodiment, the deflection wire 28 preferably 
extends radially outwardly from the point of attach- 60 
ment to the steering post 22 to the support 24. For this 
purpose, the support 24 is preferably provided with a 
notch or orifice 40 for each deflection wire 28 to extend 
through, said orifice 40 spaced radially outwardly from 
the axis of the tubular body 11 by a first distance. The 65 
distal end of each deflection wire 28 is secured to the 
steering post 22 at a point radially displaced from the 
axis of the steering post 22 by a second distance, and the 



first distance is preferably greater than the second dis- 
tance to maximize the lateral component of force. The 
second distance preferably approaches zero; however, 
it will inherently include the radius of the steering post 
22 where the deflection wire 28 is secured intermediate 
the two ends thereof. 

In the preferred embodiment of the present invention, 
four deflection wires 28 are provided, each passing 
through an orifice 40 in support 24 spaced at angles of 
approximately 90° apart from each other along the 
plane of the support 24. In a three deflection wire em- 
bodiment, as illustrated in FIG. 1, each orifice 40 is 
separated from each adjacent orifice by an angle of 
approximately 120*. 

The deflection wires may be made of stainless steel, 
nylon or any other suitable material which provides 
sufficient tensile strength and flexibility. Preferably, the 
deflection wires are braided f rom multiple strands, as is 
detailed below. The diameter of the wires can range 
from 0.001 to 0.005 inches or more, and suitability of 
particular sizes or materials can be readily determined 
by experimentation. 

A control device 18 for steering the catheter is shown 
schematically in FIGS. 1-3. The control device 18 is 
preferably provided at its center with a pivotable mount 
32 to permit it to be tipped throughout a full 360° range 
of motion. In the illustrated embodiment, control 18 
comprises a circular plate 34 secured to proximal end 12 
of flexible shaft 10 by way of pivotable mount 32. De- 
flection wires 28 are spaced equally radially outwardly 
from the pivotable center of the control device and at 
equal angular distances around the plate 34. Deflecting 
plate 34 from a plane normal to the axis of shaft 10 
transmits force via one or more deflection wires 28, a 
component of which is resolved into a lateral force to 
deflect the catheter tip toward or away from the longi- 
tudinal axis of catheter. Selective tipping of the deflec- 
tion plate 34 results in rotation of the catheter tip to any 
desired orientation. 

A variety of alternative control devices can be envi- 
sioned for use with the steerable implement of the pres- 
ent invention. For example, a "joy stick" type device 
comprising a single lever which can be displaced to any 
position throughout a nearly hemispherical range of 
motion might be used. As a further alternative, a por- 
tion of the proximal end 12 of tubular body 11 is en- 
larged to a cross section of a half inch or larger to facili- 
tate grip. The enlarged section is provided with a plu- 
rality of axially slidable switches, one corresponding to 
each deflection wire 28. Manipulation of the switches 
by the thumb or forefinger will obtain the desired de- 
flection of steering region 16. As will be appreciated by 
one of skill in the art, any control device will preferably 
be provided with a stop to prevent bending of the post 
22 or steering region 16 past its elast.': limit. 

A variety of factors impact the amount of the lateral 
force component exerted on steering post 22 by axial, 
proximal displacement of any of deflection wires 28. 
For example, as orifice 40 is moved further in a radially 
outward direction, the lateral force component will 
increase. Lateral displacement of orifice 40, however, is 
constrained by the maximum diameter that the steerable 
implement can have for an intended application. 

Alternatively, shortening the axial distance from the 
support 24 to the point of attachment 42 of the deflec- 
tion wire 28 to the steering post 22 increases the angle 
between the axis of post 22 and deflection wire 28, 
thereby increasing the lateral component of force. For 
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this reason, support 24 is typically within one or two 
inches, and preferably less than one inch, from the distal 
tip 20 of an angioplasty catheter or guidewire embodi- 
ment of the invention. 

A further alternative is illustrated in FIG. 5. In this 3 
embodiment, a fulcrum 44 is provided at a point inter- 
mediate the radial support 24 and point of attachment 42 
for maintaining the deflection wire 28 concave in a 
radial inward direction. The fulcrum 44 may conve- 
niently comprise a substantially radially symmetrical 10 
member such as a sphere or toroid, which can also 
function to limit proximal axial movement of steering 
post 22 through a central opening in support 24. In this 
embodiment, the point of attachment of deflection wires 
28 may be to the fulcrum 44 instead of directly to the 15 
steering post 22. 

In accordance with a further aspect of the present 
invention, there is provided a steerable medical imple- 
ment for use in percutaneous transluminal laser angio- 
plasty applications. Referring to FIG. 4, there is dis- 20 
closed an elongate flexible implement 45 comprising at 
its distal end a floppy steering region 46. As described 
with previous embodiments, enhanced flexibility may 
be imparted to steering region 46 by providing spacing 
47 between adjacent loops of wound wire 48. 23 

A radial support means 49 is disposed at the proximal 
end of steering region 46, which may comprise a circu- 
lar plate 50 or other structure for displacing deflection 
wires 52 radially outwardly from the axis of implement 
45. 30 

A waveguide such as a fiber optic bundle 54 extends 
the entire length of the implement 45, for directing laser 
light from a source (not illustrated) disposed at the 
proximal end of the implement 45, to a point of applica- 
tion within a coronary artery at the distal tip 56 of the 33 
implement 45. For this purpose, the optical pathway 54 
extends throughout the length of steering region 46 and 
traverses tip 56 by way of an opening 58 therein. 

Each of the deflection wires 52 is secured at its distal 
end to the fiber optic bundle 54 at a point intermediate 40 
radial support 49 and distal tip 56. Preferably, as has 
been previously described, the point of attachment of 
deflection wires 52 to the fiber optic bundle 54 is less 
than half the distance and preferably is within one-third 
of the distance between the radial support 49 and distal 43 
tip 56, in order to optimize the lateral component of 
force. 

Thus, utilizing a control device as previously de- 
scribed, a laser angioplasty catheter incorporating the 
present invention permits the controlled direction of a 50 
beam of light transmitted through fiber bundle 54 at any 
desired point within a full 360* circle on a plane normal 
to the axis of the implement 45. 

As is well known in the fiber optics art, numerous 
functions can be accomplished through a waveguide 53 
such as fiber bundle 54. For example, substantially par- 
allel but discrete bundles of fiber optics can be secured 
adjacent one another within the fiber bundle 54 to per- 
mit a plurality of discrete light transmitting channels. 
Alternatively, a plurality of concentric optical path- 60 
ways can be provided as is well known in the art. 

A plurality of discrete optical pathways may advanta- 
geously be used to perform a variety of functions. For 
example, a first optical pathway might be utilized to 
permit visualization of the stenotic site or other surface 65 
to be treated. A separate optical pathway may be uti- 
lized to transmit light for illuminating the site. Yet a 
third optical pathway might be utilized to transmit the 
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laser light. These and other aspects of the fiber optics 
and laser light source are well known to those skilled in 
the fiber optics art. 

A variety of additional functions may be performed 
through use of the additional interior space within the 
housing of steerable implement 45. For example, in a 
preferred embodiment, an aspiration duct may be pro- 
vided near the distal end of the implement 45, for suc- 
tioning debris or gases which may be generated as a 
result of the action of the laser. Alternatively, in place 
of a waveguide 54, a flexible tube may be incorporated 
into the steering device of the present invention, 
thereby providing a working channel to receive addi- 
tional implements therethrough. 

Referring to FIG. 7, there is disclosed a further em- 
bodiment of the steering device in accordance with the 
present invention. The steerable device illustrated in 
FIG. 7 can be incorporated into a guidewire, or directly 
into a catheter, such as a balloon dilation catheter, or 
other elongate implement for which steerability is de- 
sired. It is to be understood that while certain preferred 
dimensions and construction materials will be recited in 
the discussion of the present embodiment, these illus- 
trate a single angioplasty guidewire embodiment only 
and in no way limit the scope of the present invention. 

The steering device 60 preferably is incorporated into 
a steerable guidewire, of the type made from an elon- 
gate flexible hypotube and tubular spring coil 61 having 
a central lumen extending therethrough. The spring coil 
61 may be further provided with an outer sheath or 
coating, as are known in the art, or the spring coil may, 
by itself, serve as the outer wall of the guidewire. As is 
well known in the art, the proximal end of the spring 
coil 61 is made up of a plurality of adjacent loops of 
wire, which may in turn be connected to a solid walled 
tube such as a length of hypodermic needle stock. Typi- 
cally, a 150 cm length of hypotube, having a nominal 
0.01 35 inch outside diameter and 0.007 inch inside diam- 
eter will be used for this purpose. 

Lateral flexibility of the spring coil 61 at a distal 
steering region can be enhanced by providing a spacing 
between adjacent loops of the spring coil. These fea- 
tures are illustrated in FIGS. 1-6 of a previous embodi- 
ment of the present invention, and need no further dis- 
cussion here. Alternatively, the adjacent loops of wire 
in the steering region can be in contact with one an- 
other, i.e., no axial spacing, when the steering region is 
in an orientation co-linear with the axis of the adjacent 
guidewire. 

Extending axially within the steering region of the 
spring coil 61 is a central post 62. Post 62 is preferably 
made from a flexible polymeric extrusion, or from a 
metal or metal alloy such as Nitinol, although any of a 
wide variety of materials can be incorporated into the 
post 62 of the present invention. Most preferably, he 
post 62 comprises a nylon rod having a substantially 
circular cross-sectional area and a diameter of about 
0.004 inches. 

The distal end 64 of post 62 preferably is disposed at 
or near the distal end of the spring coil 61. For example, 
the distal end 64 in one embodiment terminates proxi- 
mal I y of the guidewire tip (not illustrated), similarly to 
the embodiment illustrated in FIG. 1. Alternatively, the 
distal end 64 is in contact with the guidewire tip, which 
can be molded or machined integrally with the post 62 
or secured thereto such as by known biocompatible 
adhesives. In either embodiment, the distal end of the 
spring coil 61 is provided with any of the known atrau- 
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matic tips conventional in the angioplasty arts, such as through a unique proximal wire guide 68 to the: distal 

those formed by molding or dipping or brazing pro- end 64 of post 62. Preferably , the distal end 64 of post 62 

cesses. is also provided with a plurality of distal wire guides 72, 

The post 62 can extend in a distal direction beyond which can also function as wire anchors, corresponding 

the distal ends of wire guides 72 and for a predeter- 5 to each deflection wire 70, 

mined length. This can be one way of causing the steer- In accordance with the preferred "post" embodiment 

rag region in operation to form an "elbow" bend, which of the present invention, four deflection wires 70 are 

is believed clinically desirable. In addition, the portion utilized, each deflection wire 70 having a unique proxi- 

of post 62 disposed between the end of wire guide 72 mal wire guide 68 and distal wire guide 72. Each of the 
and the guidewire tip can function as a safety wire far 10 deflection wires 70 may be secured to the distal end of 

securing the guidewire tip against in vivo detachment. the post in any of a variety of manners, which will be 

By "elbow" bend, it is meant that the bend in the apparent to one of skill in the art, such as by mechanical 

guidewire occurs at a relatively discrete position dis- anchors, adhesives or thermal or chemical welding, or 

placed proximally from the distal end of the guidewire. metal fastening techniques such as brazing or soldering, 

This enables a short length of floppy guidewire at the 15 depending upon construction materials, 

distal end to facilitate negotiation of the artery with Mechanical anchoring or welding of the distal end of 

minimal trauma to the vascular intima. deflection wire 70 may be difficult to accomplish while 

The length of the floppy tip beyond the more rigid providing sufficient strength to allow repeated steering 

steering region of the guidewire can be varied, depend- maneuvers of the steering device 60 without separation 
ing upon a number of considerations which will be 20 of the distal end of deflection wire 70 from the distal 

apparent to one of skill in the art, including the diameter end 64 of post 62. Thus, although the preferred cmbodi- 

of the vessels expected to be traversed. In one specific ment is effectively provided with four deflection wires 

construction of the embodiment of FIGS. 7 and 11, for 70, they are actually two continuous deflection wires 

example, the relative dimensions are as follows. Length which loop across the distal end 64 of the post 62. A 

of each of guide 68 and anchor 72: about 0.010 inches. 25 first deflection wire 70 extends distally through distal 

Axial distance between guide 68 and anchor 72: about wire guide 72, continuously around or over the distal 

0.006 inches. Distance between end of anchor 72 and end 64 of central post 62 and back proximally through 

distal tip of guidewire: about 0.140 inches. Diameter of the opposing wire guide 72 and continuing on towards 

control post 62: about 0.004 inches. Diameter of spring the proximal end of the instrument. Alternatively, the 
wire of guidewire body: about 0.002 inches. Outside 30 distal ends of the deflection wires are twisted or braided 

diameter of assembled guidewire: about 0.014 inches. In together, and extend as a safety wire up to the distal tip 

another specific embodiment, the length of the guides is of the guidewire. In this manner, all four ends of the 

about 0.060 inches, the length of the anchors is about two continuous wires terminate at the proximal end of 

0.010 inches, the gap between the guides and anchors is the guidewire where they connect to a control device 

about 0.070 inches, and the distance from the top of the 35 permitting selective axial reciprocating motion thereof, 

guide to the distal end of the guidewire is about 0.140 In accordance with one preferred embodiment of the 

inches. present invention, proximal wire guide 68 is in the form 

The post 62 extends in a proximal direction through of an elongate tubular body for receiving the corre- 

the spring coil 61 as far as may be desired for a given sponding deflection wire 70 therethrough. The tubular 

application, as will be understood by one of skill in the 40 wire guide 68 preferably is comprised of a material 

art. For example, the central post 62 may extend proxi- which can be readily adhered to the central post 62, and 

mally only as far as. the proximal wire guide 68, or fur- preferably also can be adhered to the adjacent loops of 

ther in a proximal direction to impart greater rigidity to spring coil 61. Polyimide tubing, such as that manufac- 

the spring coil 61 than would otherwise be present. tured by Polymicro Technologies, Inc. in Phoenix, 

The post 62 should at some point along its length be 45 Ariz., having an axial length of approximately 0.010 

secured against axial movement in the proximal direc- inches and an inside diameter of slightly greater than 

tion relative to the spring coil 61. From a manufacturing 0.0015 inches, preferably about 0,002 inches, has been 

standpoint, it has been found convenient to secure the found particularly suitable for this purpose, and can be 

proximal wire guides 68 both to the post 62 and to the readily adhered to a nylon post 62 using a suitable epoxy 

interior surface of spring coil 61 for this purpose as will 50 adhesive, such as that marketed under the name Eco- 

be discussed. However, the post 62 can also be secured bond by Emmerson Cuming of Canton, Mass. In accor- 

to the coil 61 at other locations, such as at the proximal dance with another embodiment of the invention, the 

end of an axially elongated post 62. distal wire guide 72 is approximately 0.010 inches along 

A plurality of proximal wire guides 68 are provided, and the proximal wire guide 68 is about 0.030 inches 

one for guiding each of a plurality of deflection wires 55 long. Alternatively, metal tubing, such as solid wall 

70. Preferably, four proximal wire guides 68 are pro- tubing or wire wound tubing can be conveniently 

vided, equally spaced about the periphery of the central soldered or brazed to a metal post, 

post 62. As will be apparent to one of skill in the art, The length of the tube is generally less important than 

three wire guides 68 spaced equidistant around the pe- the diameter, and the diameter must be sufficient that a 

riphery of central post 62 will also allow complete 360° 60 deflection wire extending therethrough is capable of 

steerability about the axis of the guidewire. However, reciprocal motion with sufficiently low friction that 

the use of four deflection wires 70 is preferred. Simi- steering may be accomplished. The wall thickness of 

larly, the guidewire can be constructed having only two the tube will directly affect the minimum diameter of 

or even a single deflection wire and proximal wire guide the assembled steerable guidewire, and is thus prefera- 

68, with a commensurate reduction in the annular range 65 bly minimized. For the polyimide tube disclosed above, 

of motion over which the guidewire may be steered. the wall thickness is preferably as low as about 0.0003 

A plurality of deflection wires 70 extend axially inches. As illustrated in FIG. 8, the proximal wire guide 

throughout the length of the spring (;oiI 61, each 68 is conveniently affixed to the spring coil 61 by apply- 
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ing an epoxy 69 thereto, the proximal wire guide 68, and 
preferably through a distal wire guide 72. Deflection 
wire 70 is a fine wire of a diameter sufficient to provide 
enough tensile strength to allow steering of the guide- 
wire without breaking, but small enough to permit con- 5 
struction of guidewires suitable for angioplasty applica- 
tions. Preferably, a stainless steel wire is used, and diam- 
eters as low as about 0.0015 inches have been found 
functionally sufficient. However, a variety of other 
metals or polymers may be used, and the minimum 10 
appropriate diameter for any given material can be 
readily determined by one of skill in the art. 

Distal wire guide 72 is in the preferred embodiment a 
similar construction to proximal wire guide 68. Thus, 
distal wire guides 72 are formed by a plurality of elon- 15 
gate tubular guides adhered to the central post 62 for 
receiving the corresponding deflection wire 70 there- 
through. Alternatively, the distal wire guide 72 can 
simply be a groove over the distal end 64 of post 62, or 
a bore hole extending transversely through the center of 20 
central post 62. 

Assembly of the steering device of the present inven- 
tion may be accomplished in a variety of ways which 
will be understood by one of skill in the art, with many 
of the assembly steps being performed under micro- 25 
scopic vision. The proximal wire guide 68 and distal 
wire guide 72, when used, are preferably secured to the 
central post 62 by applying an adhesive thereto such as 
by dabbing with a 0.0015 inch diameter wire as an appli- 
cator. A first deflection wire 70 is threaded in a distal 30 
direction through corresponding proximal wire guide 
68, through distal wire guide 72, then back in a proximal 
direction through the corresponding wire guides on the 
opposite side of post 62 and drawn through to the proxi- 
mal end of the instrument. This assembly procedure is 35 
repeated for a second deflection wire. With the deflec- 
tion wires 70 in place, the entire distal end 64 of post 62 
is dipped in or dabbed with an epoxy or other biologi- 
cally compatible material to form a cap 65 to secure 
each of the deflection wires 70 against axial movement 40 
relative to the control post 62. See FIG. 11. 

The entire assembly of post 62 wire guides and de- 
flection wires is thereafter inserted distal end first into 
the proximal end of a standard spring coil 61 and ad- 
vanced until the proximal wire guide 68 is approxi- 45 
roately axially adjacent the beginning of the distal flexi- 
ble steering region on the spring coil 61. An epoxy or 
other biocompatible adhesive 69 is thereafter applied 
between the adjacent loops of spring coil 61 to secure 
the proximal wire guides 68 to the spring coil 61, 50 
thereby preventing axial movement of the post 62 rela- 
tive to the spring coil 61. It has been found that poly- 
imide tubing can be epoxied to the adjacent spring coil 
61 using a 0.002 inch wire or other applicator tip under 
microscopic vision. However, care must be taken that 55 
the epoxy does not flow into contact with the deflection 
wire 70, in which case the deflection wire 70 would be 
unable to slide axially within the proximal wire guide 
68. 

Referring to FIGS. 8-10, there is disclosed a further 60 
embodiment of the steering device in accordance with 
the present invention. The steering device 76 comprises 
a main body 77 having a proximal wire guide 80, a wire 
anchor 84 and a pivot region 86. Preferably, the wire 
guide 80, pivot 86 and anchor 84 are integrally formed 65 
from a single extrusion or molded part. 

In accordance with a preferred embodiment of the 
invention, the main body 77 has a maximum diameter of 



as small as about 0.009 inches or smaller, and is substan- 
tially circular in outer cross-sectional configuration, 
except for a plurality of axially extending channels 85 
for receiving guidewires 88 therethrough. Each of the 
channels 85 preferably has a depth of approximately 
0.002 inches, so that 0.0015-inch diameter stainless steel 
wire can slidably extend therethrough. Channels 85 can 
conveniently be formed in the extrusion process as axial 
recesses of the type illustrated in FIGS. 8-10, or by 
providing parallel sets of radially outwardly extending 
flanges which extend axially to create a channel 85 
therebetween. 

Pivot 86 may be formed in any of a variety of ways, 
which will be apparent to one of skill in the art, and 
which will depend upon the construction material uti- 
lized. For example, in the case of a thermoplastic poly- 
meric extrusion, the pivot region 86 preferably com- 
prises a radially inwardly extending annular depression, 
which may be formed by application of heat and pres- 
sure or by stretching following the extrusion process. 
Alternatively, the pivot region 86 can be provided by 
producing an annular recess through other operations 
such as by physically milling or cutting portions of the 
extrusion away, or, wire guide 80 and anchor 84 can be 
secured to a length of metal or polymeric wire, spaced 
axially apart to provide a flexible length of wire there- 
between. 

Preferably, the steering device 76 is provided with a 
deflection wire 88 at each of the four 90* positions 
around the periphery thereof. (See FIG, 9.) As has been 
previously discussed, this can be accomplished by pro- 
viding four separate guidewires which are anchored at 
the distal end of the steering device 76. However, four 
deflection wires 88 are effectively provided by assem- 
bling the steering device 76 with two continuous deflec- 
tion wires 88, which loop over the distal end of wire 
anchor 84 and extend back in a proximal direction as has 
been discussed. 

In assembling the embodiment of the steering device 
76 illustrated in FIGS. 8-10, the deflection wires 88 are 
preferably crossed over the distal end of an extruded 
main body 77, axially aligned with the free ends extend- 
ing in the proximal direction. The distal end of the wire 
anchor 84 is thereafter dipped in or dabbed with an 
appropriate adhesive, such as an epoxy, to form a cap 90 
for securing the deflection wires 88 to the wire anchor 
84. 

A tubular sleeve 82, such as a length of heat-shrink 
tubing, is thereafter passed over the distal end of wire 
anchor 84 and advanced proximally into alignment with 
the proximal wire guide 80 in a manner which captures 
each wire 88 within the respective channel 85. Upon 
application of heat, the annular sleeve 82 reduces in 
diameter to snugly adhere to the proximal wire guide 
80. It has been found that the use of channels 81, having 
a depth of approximately 0.002 inches, leaves a suffi- 
cient tolerance after heat shrinking of sleeve 82 so that 
stainless steel wires having a diameter of approximately 
0.0015 inches can freely axially move therethrough. 

The steering assembly is thereafter inserted into a 
standard guidewire coil 78, and advanced until the 
proximal wire guide 80 is approximately aligned with 
the proximal end of the flexible steering region of the 
coil 78. The radial outside surface of the annular sleeve 
82 may thereafter be secured to the adjacent coil loops 
of coil 78, such as by the application of an epoxy or 
other adhesive 79, as has previously been described. 
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As will be apparent to one of skill in the art, axial 
movement of any given deflection wire 88 in a proximal 
direction will cause the wire 88 to slide through the 
channel 81 in proximal wire guide 80, and, because the 
wire 88 is immovably secured to the wire anchor 84, 
pivot region 86 will flex to permit lateral displacement 
of wire anchor 84 in the direction of the wire 88 which 
has been proximally displaced. In this manner, as has 
been described, the steering device 76 permits selective 
lateral displacement of the distal tip in any direction, 
and restoration of the position of the distal end of the 
steering device back into axial alignment with the axis 
of the adjacent portion of the guidewire or catheter. 

In a modified version (not illustrated) of the device 
illustrated in FIGS. 8-10, the pivot region 86 is deleted 
so that the assembled device has an anchor region 84 
and a wire guide 80 axially spaced apart and secured to 
the coils of guidewire body 78. Thus, no post appears in 
this embodiment. In this embodiment, the deflection 



10 
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of the device, once controllably bent, can be restraight- 
ened by applying a positive traction to at least One of 
the deflection wire s.-— 

The-steering nbboli3i u ' nia y be molded, milled or 
ex^rTTded'frbm'lmy~of ion or other plastic such as Niti- 
nol, spring steel, nylon or other plastic materials. Pref- 
erably, the material will permit sufficient lateral flexibil- 
ity while also exhibiting sufficient axial compressive 
strength to optimize transfer of axial force into lateral 
deflection. In another embodiment of the steering de- 
vice 100, 120, the steering ribbon 110 may be replaced 
by two or more substantially parallel ribbons or wires. 
Ribbon 110 can be brazed or otherwise secured directly 
to the body 111, or indirectly through proximal wire 
guides, as illustrated in FIG. 12. 

The ribbon 110 is preferably made from a shape- 
memory Nitinol alloy having a transition temperature 
of less than about 20° C. Nitinol al is a thermal-memory 



* a . „ , , . „ an . i ^ nickel-titanium metal alloy that is flexible and charac- 

wtres extend distelly from the wire guide 80 toward the 20 terized b a w h tenjfle g h> ^ well ^ a w h en _ 

anchor 84 as before, but instead of extending substan- dufance ^ iQ M fad m ino\ has been found to 
tjally parallel to the axis of the steering device 76 as be tedl deformab i e without apparent loss of resil- 
illustrated in FIGS^ 8 and 10, each deflection wire . ' at ^ ^ of dcformation , 

crosses the axis of the steering device to the opposite Jhe ferfed ^ fof the 

side thereof. Thus, for example, one deflection wire 70 25 - 
extends through wire guide 80 at the 90° position, then 



30 



invention described herein is well below body tempera- 
ture, such as 0* C. Those skilled in the art will appreci- 
ate that the transition temperature of the Nitinol family 
of alloys can be manipulated over a relatively wide 
range by altering the nickel-titanium ratio, by adding 
small amounts of other elements, and by varying defor- 
mation and annealing processes. While Nitinol alloys 
having a range of transition temperatures can be used, 
the transition temperature of the Nitinol alloy of this 
invention should be sufficiently lower than the sur- 
rounding ambient temperature to prevent transition 
from occurring during use. Nitinol can be obtained 
from Shape Memory Applications, Inc., Sunnyvale, 
Calif. ^^^-^^^^ 

^TheW fee^gltjb^^ ^a^^ shown, is preferably of 
substantially rectangular cross section but could also be 
of a variety of shapes including those that are substan- 
tially circular or ovoid. In general, any configuration 
which tends to promote the desired flexibility in a single 
plane may be used, although a circular cross section 
structure may also be used. 

The narrower dimension of the approximately rect- 
angular cross section illustrated in FIGS. 12 and 13 is 
preferably within the range of about 0.0005 to about 
0.003 inches. The low end of the range represents about 
as narrow a dimension as the inventors believe will be 
functional, given the known materials. The upper end of 
the range is only really limited by the desired overall 
diameter of the instrument which, for example, may 
utilize a spring coil, body having an inside diameter of 
0.010 inches and an outside diameter of 0.014 inches. In 
addition, increasing ribbon widths will tend to require 
increased force to bend the ribbon. 
^^^^^^^^ Similarly, the long side of the rectangular cross sec- 

SSntjralMu^ tubular^60 tion is limited at its maximum by the available inside 

outer' bodyT^Cs will be discussed, "flexible" can mean diameter of the outer flexible coil. In accordance with 

one preferred embodiment, the cross-sectional dimen- 



distally at an incline relative to the axis of the steering 
device to the 180* position on the anchor 84. The wire 
70 thereafter in the preferred embodiment loops around 
the distal end of anchor 84 and extends proximally 
through the channel 85 at the 90* position thereof. Wire 
70 thereafter extends diagonally across the axis of the 
steering device, through the wire guide 80 at the 180° 
position, and proximally to the steering control. 

As a further alternative, the distal ends of the deflec- 35 
tion wires (which may be the midpoint of a long, dou- 
bled back wire as previously discussed) are brazed di- 
rectly to the wire coils of the guidewire body. A brazed 
joint is most conveniently accomplished on the outside 
surface of the guidewire body, and the deflection wires 40 
preferably extend radially outwardly between adjacent 
loops on the guidewire body for this purpose. In the 
case of two deflection wires formed from a single length 
of wire looping around the steering region of the guide- 
wire, the deflection wire is conveniently looped around 45 
the outside of the guidewire body to provide a site for 
brazing. When a brazed joint is used, the distal wire 
anchor 84 can be deleted. 

Referring now to FIGS. 12 and 13, there is shown in 
FIG. 12 a partial sectional perspective view of a two- 50 
wire "ribbon" type steering device 100 with the outer 
tubular casing removed. FIG. 13 shows a partial sec- 
tional perspective view of a another embodiment of a 
two-wire steering device 120 according to the present 
invention. The tubular outer body 111 of the steering 55 
devices 100, 120 can be similar to that of any of the 
various embodiments previously described. 

In the.steering^^ is pro- 

vided. a!fl e *M 



sion of a rectangular ribbon for use in a guidewire. is 

_ - . . _ . _ _ -_ - TV****^*; 



either a ribbon which can be physically bent or flexed in 

use, or a more rigid structure provided with a narrow- - 

ing thereon or other type of pivot to form a hinge. In abput-Q:Q0I±^P%J> y 0.007±50% inche s . ^^^bl y,^ 

this embodiment, rather than complete 360* annular 65 fai^n^l^^ 

steerability about the axis of the guidewire, controlled ^area^nrou^ourits4ength^except-in -the-rej|ioh of-a^ 

steerability within a single plane is achieved. One im- hinge in an embodiment such as that illustrated in FIG. 

provement over the prior art is that the steering region 13. 
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Flexibility across an arc of 180* or more in a single 
plane can also be facilitated by an appropriate pinching 
or narrowing of the ribbon 110. In the embodiment 
shown in FIG. 13, the hinge 175 is provided by an 
indentation 176 within the ribbon 110. 

The hinge of FIG. 13 may be formed by molding, 
pinching, milling or stretching operations to form a 
narrowing having a greater propensity to bend than 
other portions of the ribbon 110. Preferably, the hinge is 
formed by pinching in a ribbon 110 having a rectangular 
cross section, however, any cross-sectional configura- 
tion may be used so long as flexibility in a single plane 
is encouraged and the ribbon 110 has sufficient rigidity 
and strength to withstand the forces applied in multiple 
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/and proximal ends leaving the hinge regicjumcoated. If 
the support-layer-or-coating is applied over the entire 
ribbon surface, the coating over the hinge region can be 
subsequently removed in at least one location by scrap* 
S ing, grinding, cutting, melting or by laser. By providing 
the axial space 175 between guide 172 and anchor 168 
that is at least partially uncoated, greater flexibility in 
the hinge region is achieved as compared with the prox- 
imal or distal sections of the ribbon. 
10 The coating can be applied in a uniform thickness or 
it can be applied hon-uniformly. The thickness of the 
coating is determined by the method of application as 
well as by physical constraints imparted by the dimen- 
sions of the apparatus. For example, the final width of 



flexings and straightenings needed in steering the body 15 the ribbon together with the tubing and deflecting wires 
111. need be less than the functional inner diameter of the 
In the embodiment shown by FIG. 12, the flexible flexible housing thus providing a limit to the coating 
hinge region 175 is effectively provided by an axial thickness. The coating can be applied so that it is thicker 
space between tubular deflection wire guide 172 and on the proximal portion of the ribbon relative to the 
anchor 168 which can be similar to the corresponding 20 distal portion thereby minimizing ribbon movement 
structures described in connection with the embodi- relative to the housing at the proximal portion yet pcr- 
ment illustrated in FIG. 7. Preferably, there is one guide mitting movement of the ribbon relative to the housing 
172 and one anchor 168 on each side of the ribbon 110 at the distal portion of the ribbon. Conveniently, the 
for each of two deflection wires 170. The guides 172 coating can also function as the adhesive to secure the 
and anchors 168 function to position the wires 70 axially 25 wire guides and wire anchors to the ribbon, 
along the steering ribbon as described in connection In the preferred embodiment, the deflection wires 
with FIG. 7 for securing the wires 70 to the steering 170 are formed as a multi-filament complex. Alterna- 
post. tively, each deflection wire could consist of a single 
The exact length of the polyimide tubes preferably wire filament. The multi-wire filaments of the preferred 
utilized as wire guides is not critical but the combined 30 embodiment are twisted or braided together to give 
length of the tubing for guide 172 and anchor 168 about the same strength as a wire monofilament of the 
should typically be less than the overall ribbon length. same overall diameter yet the multi-filament nature 
The length, diameter, construction and assembly of the provides added flexibility. A range of from about 3-10 
guides 172 and anchors 168 will be readily understood monofilament strands that are braided or entwined to- 
by one of skill in the art by reference to the drawings 35 gether are contemplated. Preferably, 7 strands of type 
and description above and in connection with FIG. 7. In 304 stainless steel each with a diameter of about 0.0005 
one embodiment, the wire guide 172 is about 0.030 inches arc braided to provide an overall diameter of 
inches in length and the wire anchor 168 is about 0.010 about 0.0015 inches. The seven strand multi-filament 
inches in length. wire provides tensile strength on the order of 
The distance between the wire guide 172 and anchor 40 400,000-450,000 psi and is roughly equal in diameter to 
168 influences the ability of the ribbon to deform in the single strand deflection wire previously described, 
response to axial displacement of the deflection wires. It Suitable wire strands can be obtained from Fort Wayne 
is contemplated that a useful distance between coaxial Metals Research Products Corp., Fort Wayne, Ind. 
wire guides and anchors is from about 0.010 to about The multi-filament bundle or single strand deflection 
0.100 inches, with a preferred distance of from about 45 wire could have an overall diameter in the range 0.001 
0.020 to about 0,090 inches, and a still more preferred to 0.005 inches. The choice of final wire diameter is 
distance of about 0.050 inches. Depending on the over- limited by the internal diameter of the wire housing that 
all dimensions of the steering apparatus it is believed contains the ribbon, polyimide tubing and deflection 
that a distance of up to 1 inch or more between guides wire as well as by the tensile strength required to trans- 
172 and anchors 168 is feasible. However, such an in- 50 late an applied axial force into lateral deflection. 



crease in distance between the guides and anchors 
would create a longer hinge region requiring thicker 
ribbon dimensions to counter the tendency of the in- 
creased length to buckle, and to provide flexibility com- 
parable to the preferred embodiment. In addition, ex- 
cessive length between the wire guide and wire anchor 
will tend to result in too gradual an arc during steering 
toncg;otiatejrel^ ~ — - 

{The ribbon of FIG. 12 can be coated with a substance 



A lubricous coating is preferably applied to the sur- 
face of the deflection wire in order to facilitate smooth 
motion of the wire in the housing. Any of polyimide, 
silicone, polytetrafluorocthylene or nylon can be ap- 
55 plied to the surface of the wires to facilitate smooth 
movement of the wire along the proximal end of the 
steering ribbon. In a preferred embodiment, polytetra- 
fluorocthylene coated deflection wire is employed to 
y permit even, contin uous. movement in -response to ^ an 
to^rb vide-additionai support to regjions of the"ribbo1f 60 applied-steering force&Sfe^ 
proximal and distal to the hinge. This support layer or dip, or otherjneans known. to one of riflTm\thc_art.^ - ' 
coating may be applied during manufacture in a co- 'As discussed in connection with previous embodi- 
extrusion process or, alternatively, the layer may be ments, at least one deflection wire 170 is secured with 
applied following during ribbon manufacture^ a dip respect to the ribbon 110. In a preferred embodiment, 
or spray.^Smt|bl|~^ are two deflection wires 170, one on each of two 

inc luoffih^ sides of the ribbon 110 with the distal most 

f np ac ^ja^ tie-entire y portions of the deflection wires (which may be the 

ribbon surface or the coating can be applied to the distal midpoint of a continuous, doubled back wire as previ- 
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ously discussed) secured with respect to the steering distal tip 184. steering region 186 is disposed with in 

ribbon 110. Securing may be done by brazing, gluing, about 2 cm, and preferably within about 1 cm of the 

welding or soldering the wire directly to the top of the distal tip 184. 

steering ribbon. The body of steerable guide wire 180 may be any 

The deflection wires alternatively continue distally of 5 desired length from inches to many feet depending upon 

the ribbon and meet at a centrally fixed location where the intended application. In a typical angioplasty guide 

they are twisted or coiled together. This joint may be wire or catheter, the body will typically be several feet 

additionally strengthened and affixed by soldering, long, and preferably will be within the range from about 

brazing, or gluing the wires to the distal end of the 135 cm to 175 typical of existing angioplasty catheters 

ribbon 110. One or both of the wires preferably contin- 10 and guide wires, respectively. Guide wires are typically 

ues distally and is affixed to the catheter tip such as by somewhat longer than the corresponding catheter to 

soldering or brazing to provide a safety wire. facilitate catheter insertion and exchange as is well 

Torque is readily transmitted from the proximal con- known in the art. 
trol to the distal steering apparatus by either the use of The proximal portion 181 of the tubular body 182 
hypodermic needle tubing or by triplex spring supplied IS typically comprises hypodermic needle tubing, al- 
by Microspring Company, Inc., Nowell, Mass. Like the though other materials such as a spring coil or poly* 
deflection wire, the triplex spring guidewire could also meric tube are also known for this Purpose. The distal 
be coated with a biocompatible lubricous coating. Such portion of the tubular body preferably comprises a 
a coating could reduce friction between the guidewire Metal coil. The proximal hypotube section is typically 
and the vessel wall. Triplex spring provides the guide- 20 about 155 cm in length, and the distal metal coil section 
wire housing with sufficient rigidity such that force is typically about 30 cm in length. To facilitate visual- 
applied at the proximal end of the device is efficiently ization, either the distal most 2 cm or so of the spring 
transferred to the distal steering ribbon. coil, or the entire 30 cm of spring coil comprises plati- 

The triplex spring should be closely coiled over the num or other radiopaque material, 
majority of the apparatus and preferably at least about | 25 Preferably, the hypotube section 181 of the main 
of the overall length of the device. The distal end of the body 182 in a guidewire or balloon on a wire embodi- 
apparatus is comprised of a small region of loose coiling ment for coronary vascular applications has an outside 
that is bounded on either side by coiling having a rigid- diameter of from about 0.013 to about 0.018 inches and 
ity that is greater than the loose coiling but less rigid an inside diameter of within the range of from about 
than the triplex spring. Thus, the majority of the appara- 30 0.008 to about 0.009 inches or larger. Preferably, the 
tus is formed from the triplex spring with the distal inside diameter is approximately 0.0085 inches. For 
region, preferably one eight or less of the total length, peripheral vascular applications, the hypotube section 
made of coiling of intermediate rigidity, followed by 181 will typically have an external diameter on the 
flexible coiling and ending in coiling of intermediate order of from about 0.035 to about 0.040 inches. Suit- 
rigidity. The steering ribbon is positioned at or near the 35 able hypodermic needle stock is available from a variety 
proximal junction of the intermediate coiling and the of sources, such as the 304 stainless steel hypodermic 
looser coiling. Thus proximally applied force is trans- stock available from MicroGroup, Inc., Med way, 
lated to the steering ribbon and the looser coil within Mass., Popper and Sons Corp., New Hyde Park, N.Y., 
the steering region deflects laterally in response to rib- or Uniform Tubes, Inc., Collegeville, Pa. 
bon deflection thereby providing a steering direction. 40 The proximal hypodermic needle stock section 181 

In use, the steering device 100 or 120 can be steered and distal wire coil section 183 are merged at a transi- 

in either of two directly opposite steering directions by tion section 187. Referring to FIG. 19, the transition 

displacing one of the deflection wires 170. By axial from the hypodermic needle stock 181 to the spring coil 

displacement of either of the two deflection wires, a 183 is preferably accomplished with a minimal or no 

range of motion of the tip of the device is achieved 45 change in either the inside diameter or the outside diam- 

along a semicircular arc within a plane lying on the eter of the body 182. In the illustrated embodiment, the 

longitudinal axis of the steering device 100, 120. distal end 185 of the hypodermic tube section 181 is 

After the device is introduced into the vasculature or provided with a helical channel such as by a wire elec- 

other branched system, and a branch or a turn is en- trical discharge machine (EDM) utilizing techniques 

countered, in order to enter the branch or turn, the 50 which are known in the art. In general, the hypotube is 

device can be rotated (torqued) to align one of the two fixtured in a servomotor controlled rotary indexer 

steering directions with the branch or turn to be en- which accurately rotates the tube while the entire fix- 

tered. The device can be steered by axial displacement ture is advanced at a controlled rate. The EDM ma- 

of one of the deflection wires. Advantageously, after chine is stationary and the wire is advanced into the 

the device has been steered toward one direction, the 55 hypotube wall to cut the spiral as the tube rotates and 

device can be easily straightened to some degree by advances. See, for example, FIG. 22, illustrating the 

displacing the deflection wire opposing the side toward helical channel cut into the distal end 185 of the hypo- 

which the device was steered. TTie device can then be tube segment. 

further advanced through the vasculature. Referring to FIG. 22, there is disclosed a helical 
Referring to FIGS. 14-23, there is disclosed a steer- 60 channel having a channel width within the range of 
able guide wire 180 in accordance with a further em- from about 0.0025 to about 0.0030 inches. The channel 
bodiment of the present invention. Although disclosed defines a helical ribbon having a width within the range 
in the context of a guidewire embodiment, the steering of from about 0.0080 to about 0.0090 inches. The hypo- 
and torque transmission aspects of this embodiment of tube in the illustrated embodiment has an outside diame- 
the present invention can be used in a variety of other 65 ter of about 0.013 inches, and the helical channel was 
implements, such as in a steerable balloon catheter or cut into the'distal portion of a hypotube segment having 
"balloon on a wire" design. Guide wire 180 generally an axial length of about 150.5 cm. Preferably, the hypo- 
comprises an elongate tubular body portion 182, and a tube is provided with at least 3 or 4 complete threads. 
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The proximal most windings of the coil 1S3 are 
threaded onto the helical channel, to provide a transi- 
tion 187 having a mechanical interfit between the two 
adjacent sections. The transition 187 is strengthened by 
flowing solder or other suitable bonding material into 5 
the helical channels with the coil installed. Thereafter, 
the exterior may be polished to a smooth surface. How- 
ever, any of a variety of other junctions between solid 
tubing stock and spring coil stock may be utilized, as 
may be known to or devised by persons skilled in the 10 
art. 

The metal coil section 183 may be constructed in any 
of a variety of ways known in the art, such as by tightly 
winding a coil of a high tensile strength wire of a resil- 
ient, noncorrosive metal such as stainless steel or plati- IS 
num. Typical wire for this purpose will have a circular 
cross-section with a diameter of from about 0.001 to 
about 0,005 inches. Alternatively, the wire may have a 
rectangular cross-section of from about 0.001 to about 
0.020 inches by from about 0.001 to about 0.040 inches, 20 
or other variations known in the art. More preferably, 
the rectangular wire embodiment has cross sectional 
dimensions of from about 0.001 to about 0,004 by from 
about 0.004 to about 0.010 inches. The preferred coil for 
use in the present embodiment is a tightly wound stain- 25 
less steel or platinum wire having a diameter of about 
0.0025, to produce a coil having inside diameter of 
about 0.0085 inches and an outside diameter of about 
0.0135 inches. 

The distal portion of the metal coil section 183 com- 30 
prises a steering region 186. See FIGS. 15 and 16. Pref- 
erably, the windings of the spring coil 183 distal to the 
wire guide 200 are separated slightly, to increase the. 
relative flexibility of the steering region 186. * 'Loosely" 
wound coil sections may be produced in accordance 35 
with a variety of techniques well known in the an. 

The steerability function of the guidewire in accor- 
dance with the present invention is optimized if the 
adjacent windings of spring coil 183 are "tightly 
wound" or in contact with each other proximally to 40 
wire guide 200. This resists axial compression and ena- 
bles the wire guide 200 to function as the steering "plat- 
form" as has been described in previous embodiments. 
In this manner, and in view of the additional function of 
wire guide 200 of providing an axial anchor for steering 45 
ribbon 202, proximal motion of pull wire 188 produces 
a lateral component of force as the effective length of 
the pull wire segment between guide wire 200 and junc- 
tion 206 is reduced compared to the fixed axial length of 
the steering ribbon 202 between wire guide 200 and 50 
junction 206. 

That portion of the steering element between its point 
of attachment with respect to the coil 183 and its point 
of attachment to the pull wire thus functions in the same 
manner as the "post** and "ribbon" described in connec- 55 
tion with previously described embodiments. Although 
the post in this embodiment is secured against axial 
movement by being secured to the wire guide 200, other 
means of attachment can be utilized to practice the 
present invention. For example, plate 50 illustrated in 60 
FIG. 4 or other structure which can be inserted be- 
tween adjacent windings can be used. Alternatively, the 
steering ribbon 202 can be bonded directly to the inte- 
rior of spring coil 183. 

In view of the foregoing description of the steering 65 
mechanism of the present embodiment, which will be 
described in greater detail infra, two advantages of the 
designs disclosed herein can be seen. Initially, the length 



of the guidewire disposed between the "platform" 
formed in this embodiment by wire guide 200 secured to 
the spring coil 183 and the junction 206 directly affect 
the radius of the bend produced in the guidewire by 
axial displacement of pull wire 188. 

For example, in an embodiment having an outer di- 
ameter of 0.014 and a distance from wire guide 200 to 
distal junction 206 of 0.100, the radius of the turn when 
bent to about a 90* angle is about 0.06. In general, desir- 
able radii in a percutaneous coronary transluminal angi- 
oplasty application will be within the range of from 
about 0.020 to 0.180. However, individual cardiologists 
may develop a preference for a wire having a particular 
radius of curvature, which may be within or outside of 
the above recited range. In general, increasing the dis- 
tance between the wire guide 200 and the distal junction 
206 will enlarge the radius of curvature while decreas- 
ing the distance between the wire guide 200 and the 
distal junction 206 will reduce the radius of curvature. 
The precise distance required to produce a given radius 
can be readily determined through routine experimenta- 
tion by one of skill in the art. 

A second advantage of the designs disclosed herein is 
that the distance from the center of the bend to the 
distal tip 184 of the guidewire 180 can also be varied as 
desired. For example, in the embodiment illustrated 
herein, the distal junction 206 is displace proximally 
from the distal tip 184 of the steerable guidewire 180 by 
approximately 2 mm. This produces a "dogleg'* bend, 
which, as previously described, is preferred by many 
cardiologist. By varying the relative location of the 
steering region 186 within the guidewire 180, the rela- 
tive dimensions of the dogleg bend can be varied as will 
be appreciated by one of skill in the art. 

Extending axially through the central lumen of the 
steerable guide wire 180 is a first pull wire segment 188. 
First pull wire segment 188 preferably comprises a solid 
wire made from a metal or polymer having good axial 
compressive strength and torque transmission charac- 
teristics. In the illustrated embodiment, first pull wire 
segment 188 comprises a stainless steel wire having a 
proximal portion 188a of circular cross-section, having 
a diameter of approximately 0.0075 inches. The outer 
diameter of pull wire 188 and inside diameter of hypo- 
tube section 181 may be varied within a relatively wide 
range as will be understood by one of skill in the art, as 
long as the pull wire segment 188 remains axially mov- 
able within hypotube section 181 without excess fric- 
tion. 

Transmission of torque along the length of the guide- 
wire 180 is optimized by inclusion of an optional torque 
transmitter 189 between the pull wire 188 and hypotube 
section 181. Referring to FIGS. 19 and 20, torque trans- 
mitter 189 comprises a flat 192 provided on the surface 
of pull wire 188 such as by milling or grinding. The flat 
192 cooperates with a corresponding torque surface 194 
on the hypotube 181. Torque surface 194 is preferably 
provided by crimping the hypotube to produce a flat or 
irregular wall section thereon. 

The axial length of the flat 192 is preferably within 
the range from about 0.2 cm to about 0.5 cm, thereby 
producing a proximal shoulder 193 and a distal shoulder 
195. The separation of the proximal shoulder 193 and 
distal shoulder 195 can, if desired, be utilized to limit the 
axial range of motion of the pull wire 188 within tubular 
body 182 as' will be apparent to one of skill in the art. In 
general, the axial range of travel of the pull wire 188 
within the guidewire body is about 0.200 inches or less 
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for normal steerability. The depth of the flat 192 can wire segment 188. Additional variations on torque 

vary considerably, but, in a preferred embodiment, is transmitter 192 will be apparent to one of skill in the art 

within the range of from about 0.0045 to about 0.0055 in view of the present disclosure, 

inches. First pull wire segment 188? is connected to a second 

Alternatively, the flat section 192 can extend the 5 pull wire segment 198 at junction 196. Preferably, junc- 

entire length of first pull wire segment 188, or first pull tion 196 comprises a length of overlap of the first pull 

wire segment 188 can comprise a rectangular wire wire segment 188? and second pull wire segment 198, 

throughout or other cross-sectional configuration sus- which are connected such as by soldering. Although 

ceptical to rotational interlocking such as by a torque the foregoing design is preferred by the present inven- 

surface 194. Preferably, however, at least the portion of 10 tors, the main pull wire 188 can alternatively extend 

the pull wire 188 that extends within the spring coil 183 throughout the length of the guidewire, without any 

is circular in cross section to minimize whipping. joints or discontinuities. 

In the illustrated embodiment, portion 188a of first Second pull wire segment 198 preferably comprises a 

pull wire segment 188 extends distally from a circular flexible pull wire such as a multifilament stranded wire 

cross section of about 0.0075 inches at the torque trans- 15 having an outside diameter of about 0.002 inches. Sec- 

miner 189 through one or a series of transition zones, to ond pull wire segment 198 preferably extends all the 

a reduced cross-sectional rectangular dimension of way from junction 196 to the distal tip 184 where it is 

about 0.001 inches by about 0.003 inches at 188e See linked to the coil 183 and or tip 184 such as by solder- 

FIG. 23. The cross sectional area reduction (continuous ing. That portion of segment 198 which extends be- 

taper or steps) can extend over any of a variety of axial 20 tween junction 206 and tip 184 functions as a safety 

lengths, as will be apparent to one of skill in the art. The wire. 

rate of taper has been found to affect the relative flexi- In a multifilament embodiment, a range of from about 
bility of the tip, and the present inventors prefer the 3 to about 10 monofilament strands are braided or en- 
taper to occur over an axial length of about 12 cm. twined together to produce the second pull wire seg- 
Tapering can be smooth or stepped, and can be accom- 25 ment 198. Due to braiding geometry, 3 or 7 strands are 
plished in any of a variety of manners, such as by grind- generally used. Preferably, seven strands of type 304 
ing in a centerless grinder or an O.D. grinder. Flatten- stainless steel each having a diameter of about 0.0007 
ing of distal portion 188e is then accomplished by com- inches are braided to provide a pull wire having an 
pression between adjacent rollers or other technique overall diameter of about 0.002 inches as has been previ- 
depending upon the construction material. 30 ously discussed. 

In the preferred embodiment, the cross sectional di- Second pull wire segment 198 extends distally from 

mension of the pull wire 188 is reduced in the distal junction 196 through a wire guide 200. Wire guide 200 

direction over a series of steps as illustrated in FIG. 23. preferably comprises a tubular body which is secured to 

Proximal portion 188c, in a preferred coronary artery both the windings of the coil 183 and to the steering 

embodiment, has a diameter of approximately 0.0075 35 ribbon 202. Preferably, the wire guide 200 has an inside 

inches. At about 13 cm from the distal end of segment diameter of about 0.0025 inches and an outside diameter 

188e, a transition 1886 reduces the diameter to 0.0060 of about 0.0035 inches, made from wire having a diame- 

inches at 188c. The axial length of the transition 1886 is ter of about 0.0005 inches. Suitable tubular wire guides 

approximately 3.5 cm. The axial length of segment 188c can be produced by winding fine wire about a wire 

is about 6.0 cm. 40 mandrel to produce a small coil. Stainless steel wire 

Thereafter, at about 3.5 cm from the distal end of having a diameter of about 0.0023 inches has been found 

section 188e, transition 188d begins. Transition 188rf preferable for this purpose. 

provides a taper over an axial length of about 3 cm to a The wire guide 200 is preferably soldered to adjacent 

segment 188e having a diameter of approximately loops of wire coil 183. Although a variety of methods 

0.0025 inches. Prior to assembly of the steerable guide- 45 are known in the art for securing components of guide 

wire 180, the segment 188? is flattened between adja- wires together, such as adhesives, thermal bonding, 

cent rollers to produce a rectangular ribbon having a solvent bonding, brazing and the like, solder has been 

thickness of about 0.0010 inches. The length of section preferred by the present inventors. Thus, all of the 

188e is thereafter trimmed to approximately 5 mm. components of the guide wire disclosed in this embodi- 

Referring to FIG. 18, a second torque transmitter 192 50 ment are preferably stainless steel or other solderable 

is disposed within the coil 183 distally of transition 1&hd metal. Soldering, which can be conducted in the area of 

for axially slidably receiving flattened region 188? of the about 500* Fahrenheit is preferred over brazing, which 

first pull wire segment 188. Torque transmitter 192 requires higher temperatures in the neighborhood of 

preferably comprises a structure affixed to the interior about 1200* Fahrenheit Brazing temperatures have 

wall of coil 183, having a configuration to rotationally 55 appeared to the present inventors to induce fatigue and 

engage the flattened region 188c of first pull wire seg- increase the likelihood of failure in the finished product, 

ment 188. Preferably, torque transmitter 192 comprises Preferably, the wire guide 200 has an axial length of 

a length of tubing which has been molded or com- about 0.030 inches, although any of a variety of axial 

pressed into a generally oval cross-sectional configura- lengths can be utilized as will be apparent to one of skill 

tion for receiving flattened region 188& 60 in the art 

For this purpose, stainless steel hypotube stock hav- Steering ribbon 202 extends distally from wire guide 

ing a 0.004 inch inside diameter and 0.007 inch outside 200 for about 0. 1 inches, where it is affixed such as by 

diameter, and cut to a length of approximately 0.030 soldering to the second pull wire segment 198 at distal 

inches, is flattened in a die having stops to prevent com- junction 206. Steering ribbon 202 preferably also ex- 

plete collapse as will be understood by one of skill in the 65 tends proximally from the wire guide 200 to regulate 

art. The resulting oval mini hypotube may be soldered the flexibility of the steerable guide wire 180. In the 

to the adjacent windings of coil 183, to rotationally link illustrated embodiment, steering ribbon 202 extends 

the coil 183 with the flattened region 188e of first pull proximally for a distance slightly in excess of about 2 
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cm. Approximately midway between the wire guide an elongate flexible housing having a proximal end 

200 and the proximal end of steering ribbon 202 is a and a distal end and at least one lumen extending 

transition 208 at which the outside dimensions of the axially therethrough; 

steering ribbon are reduced from about 0.001 by 0.003 a steering element secured within the lumen and 

inches on the proximal side of transition 208 to about 5 adapted to displace the distal end of the housing in 

0.0004 by 0.008 inches on the distal side of transition a lateral direction; and 

208. at least one deflection wire axially movably disposed 

The wire guide 200 can be conveniently secured within the lumen of the flexible housing and ex- 

within coil 183 by separating the adjacent loops slightly tending from a distal point of attachment with 

and soldering the coil 183 directly to the wire guide coil 10 respect to the steering element throughout the 

200. Alternatively, a spacer 201 formed from a second length of the flexible housing to the proximal end 

coil or wire can be adhered to the opposing side of thereof; 

steering ribbon 202 to provide additional bonding wherein axial movement of said deflection wire in a 

strength. Spacer 201 is similarly soldered or otherwise proximal direction displaces the axis of a portion of 

secured both to the interior of adjacent windings on coil 15 the housing in a lateral direction to facilitate steer- 

183 and to steering ribbon 202. ing of said device through the body cavity. 

In one particular embodiment of a guide wire incor- 2. A steerable device as in claim 1, wherein the steer- 

porating this aspect of the present invention, the dis- ing element is secured within the lumen by a solder joint 

tance from the distal tip 184 to the distal end of junction disposed proximally of the distal point of attachment. 

206 was 2.3 mm. The length of junction 206 was approx- 20 3. A steerable device as in claim 2, further comprising 

imately 0.015 inches. The distance from the proximal a wire guide for axially slidably receiving the deflection 

end of junction 206 to the distal end of wire guide 200 wire, and wherein the steering element is soldered to 
was approximately 0.100 inches. The axial length of the wire guide. 

wire guide 200 was about 0.030 inches. Thus, the dis- 4. A steerable device as in claim 3, wherein the wire 

tance from the distal tip 184 to the distal end of wire guide is secured to the flexible housing, 

guide 200 was approximately 5.25 mm. 5. A steerable device as in claim 1, wherein the distal 

The distance from distal tip 184 to the transition 208 point of attachment comprises a solder joint between 

on steering ribbon 202 was approximately 13.30 mm. the steering element and the deflection wire. 

Transition section 208 was disposed approximately I 3Q 6. A steerable device as in claim 1, further comprising 

mm to the distal side of the distal end of junction 196. a safety wire extending from the distal point of attach- 

The junction 196 comprised an overlap of flattened roent to the distal end of the flexible housing, 

region 194 on first pull wire segment 188 and second 7. A steerable device as in claim 6 ( wherein the safety 

pull wire segment 198 of approximately 2 mm. The wire comprises an extension of the pull wire or of the 

overall distance from the distal end of torque transmit- 35 steering element. 

ter 189 to the distal tip 184 was approximately 20.00 8. A steerable device as in claim 1, further comprising 

mm. means for transmitting rotational torque between the 

The foregoing dimensions may be varied considera- flexible housing and the deflection wire, 

bly, depending on the intended use of steering devices 9. A steerable device as in claim 1, further comprising 

incorporating the present invention, as will be readily 40 a second deflection wire for straightening the laterally 

understood by one of skill in the art. displaced portion of the housing. 

It must be pointed out that the devices of the present 10. A steerable device as in claim 1, wherein at least 

invention can readily be modified by one of skill in the a portion of said deflection wire comprises a multi-flla- 

art to allow lateral displacement in only a single direc- ment wire. 

tion instead of two opposing directions. For example, 45 11. A steerable device as in claim 10, wherein said 

the groove in a living hinge type device can be provided multi-filament wire comprises from about three to about 

on only a single side of the steering ribbon, or other ten monofilament strands. 

means for stopping or resisting flexing in one direction 12. A steerable device as in claim 10, wherein the 

can be employed as will be readily apparent to one of deflection wire comprises a solid proximal portion and 

skill in the art. 50 a multi-filament distal portion. 

An advantage of the simplified steering devices 100, 13. A steerable device as in claim 12, wherein said 

120 of the present invention is that they can be operated multi-filament distal portion comprises seven strands of 

in a manner similar to that employed on conventional stainless steel wire, each strand having a diameter 

steering devices for coronary angioplasty and other within the range of from about 0.0003 to about 0.002 

medical procedures. Thus, one skilled in the art of the 55 inches. 



prior art procedures could learn to manipulate the steer- p^l4.y\g^e^rabl^ 

ing device of the present invention with little or no i^dellectio^ lubricouL^atmg^ 

additional training. 15. A~steerable~device as in claim 14, wherein said 

Although this invention has been described in terms lubricous coating is selected from the group consisting 

of certain preferred embodiments, other embodiments 60 of polytetrafluoroethylene, polyimide, nylon and sili- 

that are apparent to those of ordinary skill in the art are cone. 

also within the scope of this invention. Accordingly, the 16. A steerable device as in claim 2, wherein the 

scope of the invention is intended to be defined only by length of said flexible steering element between the 

reference to the appended claims. distal point of attachment and the solder joint is less 

We claim: 65 than about 1 inch. 

1. A steerable device for transluminal insertion into a 17. A steerable device as in claim 16, wherein said 

body cavity and controlled negotiation of branches and length is within the range of from about 0.010 to 0.300 

turns therein, said device comprising: inches. 
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18. A steerable device as in claim 16, wherein said ing the distal end of said housing to bend out of the 
length is within the range of from about 0.020 to 0.090 line of the housing longitudinal axis. 

inches. 23- A steerable implement as in claim 22, wherein the 

19. A steerable device as in claim 1, wherein at least steering element is secured with respect to the housing 
a portion of said steering element is approximately red- 5 « a ™ ,hin a f bout 2 cm of *«= distal of tne 
angular in cross section. housing to form a fulcrum. 

30. A steerable device as in claim 19, wherein the , * A "eerable unplement as in claim 23 wherein the 
^ , . , * • elongate flexible housing is relatively axially non-com- 
rectangular portion of said steering element in its nar- ibJe oximall to ^ fulcrum . 

row cross-sectional dimension has a thickness of within 10 %s A stecrablc ^ in claim % whercin thc 

the range of from about 0.0002 to about 0.010 inches. ^ lly non ^ 0 mpressible portion of the housing com- 

21. A steerable device as in claim 16, wherein the prises a wire coil. 

cross-sectional dimensions of said steering element are 26. A steerable implement as in claim 23, wherein the 

about 0.001 ±50% inches by about 0.007±50% inches. flexible housing distally of the fulcrum comprises a wire 

22. A steerable implement, comprising: 15 coil in which the adjacent windings of wire coil are 
an elongate flexible housing having proximal and separated from one another. 

distal ends and a central lumen extending therebe- 27. A steerable implement as in claim 23, wherein said 

tween, the distal end of the housing being flexible fulcrum comprises a tubular wire guide secured to the 

in a lateral direction; interior of the elongate flexible housing, and addition- 

an axially extending steering element secured in the 20 secured to the steering element, 

housing, and adapted to displace the distal end of 281 A steerable implement as in claim 23, wherein an 

the housing in said lateral direction; extension of the steering element extends proximally of 

at least one deflection wire having proximal and dis- the fulcrum. . , . « « 

tal ends extending along the housing, said wire „ „ ». A steerable implement as in claim 27. wherein said 

beine secured with resoect to the steerine element- 25 deflecMon WTe extends from the P™*™"* end of the 

VCU1K 3CWUJCU Willi 1CoL?CI>1 IV/ HIC OLCbllliK CiCiUCilL. * . r* •« . \ • • • . 11 . « i_ .« i • 

, ° r © > elongate flexible housing distally through the tubular 
^ , w * re guide, and at least as far as a distal point of attach- 
a control at the proximal end of the housing for en- mcnt bctween the de flection wire and the steering en- 
gaging the proximal end of the deflection wire to ment. 

enable said deflection wire to be displaced axially, 30 30 * A steerable implement as in claim 29, further 
in relation to said housing; comprising at least one torque transmitter for transmit- 
wherein the axis of at least a portion of the steering ting rotation between the deflection wire and the tubu- 
element is displaced laterally in response to axial lar housing. 



displacement of the deflection wire, thereby caus- 
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